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UNCLASSIFIED

The purpose of this investigation was tc determ-
ine the relaticn between the Charpy impact test and
the ballistic limit of light armor plate.
STATTMTNT CF CCNCLU®ICN

There is apparently a definite relation between
the Charpy impact test and the ballistic limit of light
armor plate. The curves of Charpy vs. plate thickness,
Fig. 4, and ballistic limit vs., plate thickness, Fig. 2,
are bcth straight line curves with equations of the
ferm, y e ax+b. 7y ccmbining these two curves, the re-
sultant curve, Fig. 5, of Charpy vs. ballistic limit is
a straight line curve cf the form, y = ax. These con-
clusions, then, tend tc shcw that fcr a plate of this
ccmposition and treatmqnt. we can predict the ballistic
limit by the simple expedient of measuring the Charpy
of the given plate.
HI?TCRICAL DTV™LCPITNT

As far as can be aséertained, no previcus worx has
been attempted to correlate the Charpy impact test and
ballistic 1limit cf armor plates.,
THEC "TICAL CCNSIDTRATICY

The energy absorbed in the Charpy impact test pro-
duces both elastic and plastic deformaticn and heat.

The kinetic eneri .y of a bullet, when it strikes

an armor plate, is dissipated in the fcllowing manner:

?
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1. Punching 2 hole through the plate - as in a
punch press,

. Converted into heay (Ft.Lbs. x 778 = RTU) to
raise temperature of bullet andi plate.

»

o

. Deforming the plate bcth eiastically and plast-
ically. It is vJelieved that the energy used
tc defcrm the plate is again converted, into
heat energy, avoscrbed by the plate.

The difference, then, in the energy diss-
ipaticn in the two cases, is that the ballistic
energy, in additicn to performing all the work
dcne in Charpy test, is alsc absorbed in shear,
and heating the bullet. Alsc, the difference
in time of the two actions enters into the rel-
-ation.

IXPTRINNTAL PRCCEYDURT
' The apparatus used in ballistic tests was:

3/16" plates

DISSTCN homogenecus plates: 7
8 - 1/4" b
8 - 3/8% y
2 - 1/2" "
126 Cartridges, caliber .30 A.P.: Mcdel 1€22,
165 gr. bdullet.
1l Caliber .20 Mann barrel; Model 1¢C3
1l Standard frame fcr supporting thin armor
plate (drawing A.P.G. 1445-A3)
A.P.G. Chronograph, ran,e and facilities
Apparatus used for Charpy impact test
Mcultcn-TPendule 200 kgm. Charpy impact
machine,
14 Test specimens from 2/16" plates
22 8 4 “« 1/4" "
¢ * Ly "o Z/8" "



A nev. Charpy specimen was developed fcr this test.
Its dimensicns are shown in Fig. 6. The standard test
var was tried at first but proved impracticarle Trials
¢n two 1/2" plates showed only 2 or 4 ft. lbs. A spec-
ial fixture was used tc hcld the new type specimgn in
the Charpy machine.

& Charpy velues were used in calculations of Z/1é"
plate: 24 values fcr 1/4" plates; and 8 values for
/8" plate. An equal number cf specimens in each set
were nith and against major axes ¢f rclling The r:as
on for rejectis. some values was the precximity of some
of the specimens to bullet holes and the fact that the
beginning cf rupture co1ld be definitely traced to
prick-punch marks mads to outline the specimer. befere
cutting. 3cth of these effects caused results whish
vere nct in line with other results For these reasons,
the values cbtained from the 1/2" plates vere not used
in deteruinaticns.

There was a mean variaticn cf 7.0€ ft. 1lbs from
the trend cf values vith a maximum variable of &5 ft.
lbs., 1C5 ft. lbs, and 62 ft, lbs. for 1/16", 1/4" and
2/8" plates respectively. The Charpy machine is accur-
ate within € ft. lbs,

Tallistic limits, in fcct pounds, were taken from
the "Fiftieth "artial -“epcrt cn Test of Thir Armor
Tlate", Aberdesn Trcving Ground, April 2%, 1¢2Z, Tie
results with 1/2" plates were toc few in number to ve

used in determinations Fallistic limits are accurate
within 2C ft. 1bs. Se



EXPTRIMTNTAL R™SMLTS

TASLE 1
Plate Thick- A. P. G. Charpy - Ft.Lbs Ave, Ave.
No. ness 2allistic CorrecteCorrect-
Inches Limit ad ?al, ed Char
Ft.lbse, Limit py 7t.
e Ft, lbs, _Lbs. .
A-221 .,1¢%5 80¢ 485.1 453.8
Al73 .212 868 655.3 $46.2
3811 212 860 - 527.4
D611l 2186 ET2 - -
D711 215 524 564.1 -
He21 .210 852 - -
H61ll 210 851 527.4 560.1 720 485 _
2
AlEZ  .276 1270 ¢7iis . it %
2
AZ21  .260 1071 3%8:? ZE?:%.
72043 7203
A611 L E8 173 749, 69€,6
749,09 711,2
A7T11 o258 1079 7C1l.& - €e4,.6
% 846,90 778,.3
B1Z¢C 73 lz07 818,7 788,C

749.,0 797.%

111  ,%87 =87 p s
) _ 739.9 - 80649
D121 .73 1174 7 749.0 - 701.£
894,9 - 797.2
H711 289 1128 875.3 - 758.7. 1069 €75
Al2L 377 1821 1082, -
AZ11  ,369 160 1092.4 - 1073,6
AB1l 273 1813 - 1073.€
AS-1 388 1837 " A
A41Z 378 1820  1112,0 1073.5
ABZ1 377 1789 . .
R112 395 1946 - 1092.4

Be2l 4CC 1838 1230.6 - 1760 10856



TA3LY II
DISSTCN FLATE C-l

See "Fortieth Partial Report on Test of Light
Armor Plate", A, F. G.

Salllstlc Vel.ot”~  3alllstic™
3ullet Limit lNetal Limit
Caliber Ft. Lbs, Removed per Cu. In.

Cu. In; '§r8/cu.in.
.30 2584 .02455 . 105,30C

50 7564 0753 105,500




DI*CUsSICN CF RTS8ULT?

Figure 4 shcws the relaticn cf Cherpy tc thickness
(and to vclume) of plate. This is a straight line rel-
ation, as expected. This strai,ht line relation has '
been observed in the laocratcry at Watertown Arsenal
fcr a great many years. Niles! and varner? have ccn-
ducted experiments cn the relaticn cf Charpy tc volume
(and thicknees). Their results further ccnTirm this
relation,

Figure 2 shows the relation cf ballistic limit te
plate thickness, (and volume cf metal removed by dullet).
This curve is also a straight line. Reference to Fig-
ure 1, where individual plate ballistic limits are re-
corded, shows all plates passed specificaticn require-
ments when tolerances cf +.03",-,02" are taken intec
consideraticn.

Figure 5, a combinaticn of Fi_ures 2 and 4, shows
the rclation of ballistic limit to Charpy. This is a
straight line, as would be expected, since both figures
2 and 4 are strajght lines. This line also passes

through the crigin, which again is as expected.

- G P G TGO W TEE e - - ¢ - -~

degree at }assachusetts Institute of Technolcgy,
"7?ffect of "idth of Notch in Tensile Charpy 3ar".
Thesis 422, May 1%, 1¢31.

2. W. 1. ™ARNZR, welding engineer at "atertoewn

Arsenal, ccnducted Charpy tests with bars similar to

those used in these tests: January-February, 152Z.
‘6-



The thicknass of Charpy specimens differed slight-
ly, due tc irregularities in thickness cf plates as
menufactured. The Charpy results were plotted azainst
actual thicknesses in figures 2A, 23 and 2C, and Chér-
py values fcr 2/16", 1/4" and 3/8" plate thicknesses
taken from trend shown fer plotted values.

This eame procedure was fcllcved in determining
the ballietic limit for plates of 1/4" end Z/6" thick-
ness, see figures 1A and 13), The trend for =allistic
limit fer 2/1€" plates wae indeterminate, therefore the
average hallistic limit -f 854 ft. lbs. fcr average
plate thickness of ,210Z" was used in figure 2 to de-
termine the =ctual trend cf all plates.

Figure 2 shows oallistic limit vs plate thickness
ani vclame c¢f metal remcved. Tc determine the volume
¢f metal recmoved, the plerced hcles in all sets of
plates vere measured. The .30 caliber bullet plerced
a hole approximately 1/4" in ciameter. The .50 cesliber
hullet pierced a hsle appggfégately 7/16" in diameter.
Zince volume is equal t¢ 4 x t, or ¥t for same cal-
iber bulley, it 1s evident that the ballistic limit
varies vith an increase in vclume. 4n interesting fact,
vhich perhaps should receivs some further investigation,
was disccvered in connection with this relaticn cf
vpallistic limit tc vclume c¢f metal remcved. From the
"Fortieth Partial Report on Test of lLight Armcr Plate",
Aberdeen Trcving Ground, wherein are results of firing
with both ,30 and .50 caliber bullets at plate C-1,

=T



can be calculated the ballistic limit per cubic inch
cf metal removed. These show 1C5,200 ft; lbs per cu.
in. fer .20 caliber and 1C5,500 ft, lbs. per cu. in.
for .80 caliber. Cee Table II. These results tand to
indicate that tne oallistic limit per cu. in. cf metal
removed is the same fcr all calibers on same plate,
However, .this shculd b2 furtier substantiated by add-

itiocnal tests,

CCMCL'I3TCNS

From the foregoing it is evident that hallistie
limit and Charpy values are ccrrelated, and that by
datermining the Charpy fer a given plete thicknass,
the ballistiec limit cf that plate can be read from
curve, figure 5. ‘

This $8 true for these plates tested. ‘Whether or
riot it is trus fcr other makes and compositicns of
plates, remains tc be ccnfirmed or disproved by fur-
ther tecsts.,

Nc conclusicn will be drawn at present regarding
the percentage dissipaticn of ballistic energy. This
will be attempted later.

Respectfully submitted,
"m., J. Latimer, Jr.
2nd Lt., Crd. Dept.

D. J lartin
lst 1Lt., Crd. Dept.



Froure /.
;0/53 TON LIGHT ARMOR FLATE
HOMOGBENEOUS
‘Bﬂz.)_/snfc LimiT ¥s.
THICKNESS

4 . . ' v +

B CENTER OF GRAVYTY OF GROWUP
B AverAase OF GROUP (TREND)

‘

BALLISTIC LIMIT - F7r LAS.

800

2400

2200

2000

800

1600

1400

1R0o0

1000

oy 3 1 « ‘ ~ 9 4_ 0 8 3
THICKNESS - /NCHES
SOURCE ___A.P 6. PARTIAL RE.

1
. [

t + .

+

0

R M50,

+



]

LIAMIT —F7. LAS.

FALLIST/IC

’ + o 13 . [ . . ‘ . . ' . +
: : ' .
: Ll

g it ’ L { i 1 d

bped oo
FIGURE [A4.

| ' | ¢ /)
vk b L LusSTON . T PLATE

1
I

| : ! | ; Hormbaendous |

L BALLISTIC LINIT VS. THICKNESS .

t

/3e0

rROO

/o0

Vi a%iis

a5 2 | .z | 28 a9 %

. o | INCHES THICKNESS | Lo
i { D ] ' !
-+ +

R i l : S = i - i - + i i M
Sovrce : H. P Q. FarTiac Reporr l‘"so.l |

¢ l
§ '



Horosen Eq': us
THICKNESS
i

BarLrisric LiMr# vs.

0
N
o ey R S et Sl S
! _

- w——— s

— e L

35

|

, ﬁITHRCEi;.l.ﬁ*

W R oru TESEUES S [SMISSSSSESN (SRR, [T I 1

_T o - | | ¥ ¥
-

.

-,

|

_

'
¥ 1
| | i ! . _
_ .
- e = ! . ¥

. 2 SR Sl ISRl Feipo S Ry e e VIS
. : { l | 1 n |
. . . i

"SNTT kA LIWIT DILEITTHE

. . _
| ¥ ] i
| “ i . |
v ; !
. SEAS B HA Y
| | | | .

39

T wh

e .m.lt}wl----.w-

40
S8

THES | THICKNESS

i | s
A}?G. FarriaL ReporRT *50.
| | | |

r——— et e
i i
¢ [l



(5]

|
1. ‘ 4 i + ’ :
| 1 FIGURE 2.
i | | ! ! ;
: ! Joocitiionl | . LlssTon Armor FLATE |
; | , MOMOBENEQUS
| | ! ‘ !
RS SR \BALLISTIC LIMIT VE. THICKNESS
| | (t‘omvow TE RESUL 73)
¥ . T = : NPT PITTPT T TR T 3
| | BA/.A/S € L/M/r vs. Vorume  _ _
SIS SN St

BaLtys57/6 LiMIT = FT. LBS.

! .
|
! } ----l!-- ?

' v
£ PLATE

!

_ § : § | § ] §% g §§ | % ) g_g § § %

INCHES THICKNES
| VDJ. UHEJ cu. IN.

Eom&sfmugﬂé_ L 1h, 15

»‘*2 b—

3*?3*;5%57

N
T



e

wWidilrrri

- f =ty b
: THIH Y
- [ieoabake
it 2 - R R anpaes
It g 3 g i
s TH BETH. (iR E
— % otk Tl - -+
1 st ILIET =350
¥ i+ 88 Bh St
L= L [ T 1
o i = - !
=k T THHHEL
I_.. b Eipmpanad
i = )
adg e .
m. T LT
it GabEaby FpeaTs s
et 'Y SEEAE ¥ ES
yar ren LLIEERS Lo LR iinss]
HE...... o . - & e E -
3ia R g o Tad T3
T IEITEEEEE . amgsan
T o !rn.,wun
I+ n g .
. T H
r pagiscaph: sanfipgaay
ﬁ.i. H B _ﬂnw i
i 5 + s i 2
1 HE : S WA
e Swnag & i t + - 1+ H "
. : i1 ] I $34nsnsanitusns:
wiiden g - - a4 r= S '
- TF 1 H A
i3 i wnbh fane s gy A - - 0 na 1 I [T
r.ml v d g oy rdihagad g o hobg - H o = .__.|
Wit 4RSS spama gy g n e T
5 s pet: it i m Hi
Hpaae i1 " =ail b at H
25152 - H
& BT TR
! : 183 i amnslsaananlat i1
..“ ¥ |.W.r T e nea i 1 Tt it “.. ...n.n.
- - P - e - - " | - | . §
i HITHH s 5THY 1558 SIPEE : + 12
JEE RS o0 P80 pend 4 1 s sdbar i riaagaene inmisdud, 14 -l H pEn
abniniinm H 1 ;. Lo TEr Sna s ek e e + i de a5y
+T
T LI T 11
. in it i a=ebbe I HH
1 1 47 EEel sadss 1Y 1 1
1 - 4 | by ek [ - 2 &
11.“_1..-.-l ..Ibl e - u.. +
L - " A I HH s [Tt
* . - - -
i s e pRp ey agees oady Than; FTaasi, : faizir
. R b4y + - ] - dnw
Ey{edsgiasa ingastgals ataghial tH SO ﬂﬂ.nm ing i
- =
I CH T T wan : mmaikeE ¥ iy aF b8 e
trrir T+ & T 1 3 : 1
e 3 ++ =
Bt B L : T i :
5o d it b b L L] + 11 H T ¥ i niarelpaay e ]
- 1 O 1 Fe T T ..._ﬁ T
repulgan " e 1 = i
AT T 1 10 3 pas T
- |l|rW_.H..rr T T -
i 5 : 3 : 3 :
- — ) i s u ")
." = 1 i e =1 HRES s t
T2 3 > 2Ek T et Iy =5 q 0 Badgr e oo wmy e
H e by THH rifanuans BB e M & ¥ H R I
13zt : I e L E e  FEgEENS La I F e 1 e
- - . =EISEEEIE : e %
i ir e iy - b HEH T Ut a THES amsms by e [
bt g 4 f b8 -+ + IR ag = R N i 1k 8 S | R |5 —
-4 4+ b3 ¥ b B e i T||..h 1 1 1 ot e b -
.Ll..._! b |48 = Ltd - e F 5 - 1 1
SHE MR R g L el it e R B =7 Fibe; s, i :
T s T T oy oy
=22 [y 2ampmnw T 3 =
T ] = Tt 1 t H rad s gadud
1 he s bt e i -
T + g




i ) | |
_ M : 1 i 1 | . g N A,..u
W * T . T s i
| e = "w,. o . b uﬂv
| e I R p S Sl U
"“ |. o T M»--; e VIMJWM.IOT ~ . . “ IS ] -
| | PR T, e N |
N . . Qe g “ R :
R Eeo iy O e S -lh 8. N < } £° - =5
: 2'a ; . ”..mw”“., m ..Mr JW -
IR B Bt R TR e W 3
S T Jﬁk.mﬂ <. ‘ _. .
B e T TR N X - = - 9 - SR 2 e (T T
: ITSHS SIP: SRRy ey ~ Mu !
SN N A0l SRR . R R = RENE YT
o Tt e rm't-r!, ﬂ:.u......h: 08 S Ry = T - -L-.,{-.o. - M E St Eese
w : s R L e o i G e m s el
e reatieet g S T e e St o i y B EE S oS TERET AN Catter Nl B B = By 7 1-.5 )
. .- . . e . o . 5 V’mu
| 5 SR I - flre - =y B : : . /; 5 - .Jr& - n
— ] o .m, & 3 c s P
_, SR TS SRR U . 4 : W "o
! I EREEETE: M : e B ) o Aot e e g
L A i i ‘ 1Y) )
i ~ h : Y —
o . i L . o SR ORI SO S . M ......
- [ R ol LY
of) ! ! oS aall soba — twacos" oG = Sreied o - Koo bobo Ao o S5 SETUUES SRS TS E
m R . T Y a . .‘ |
w m i A P de |t mm,u* U xn\%tt\v, ,
(I B S S L iEN 1




' l |
) I |
I
I 197,
i N

MQG&W

|
i
1
|
!
|

RE. x}ia A

A6 : |
Drs570N ‘;’- PLATE
progron f mare
L‘/m

i

!
|
i

.......

RPY WS. THICKNESS

i




. 5p0

i
1
a0

e ..:.!_..- -

390

THICKNESS
ek 0 R W ! 5 O A

|
o

|

|

I

21

: :'

.Ff[&d’ﬁl‘!‘

L

.
|

F |

| |

T

|

| !

L
}

. 4

|

l

!

|

}

- PSR P A MR, P R T |1.....|+. -

,f
T

SRCHEL e S e e S P aral s (e e s R M P RS ia 1 el 1 S | I )| | S

R " TR S —

SN N R I S R N U N N

~ _ ~
ST U — ASHEH D



/260

OO

33

CHARPY - FT. LBS.

§ 8 § 3 B

e

? ! TR : ! S
| n | FIGURE 4. , ,'//,
| l | ,/
b DrssToN HRMOR /*‘1_47'5 /e
/ \v
f ’ HOMdGE/VA‘OUS '
ST : + - g : PR 2" LATE
| e G‘ /m/?#y vs. 7. H/CKNESS‘ , \
| | @o»mos/rz RESULTS)

—~——CrHarRPY Vv&. VoLrume

A 4

| uNCHES THICKN

oL ."?czf. W,

 SOURGE: FIBURES' 34,36 3C.

5



BALLISTIC LIMIT - F7. LBS.

| | |
. T .- 3 / + { 4 } R
’ ! ' U Flgure | 5.
| Lrssron Arror FLATE
: | vt Bagersyrc Limir vs. CRARPY
. SR T
. 3! . l } - ,' . s : ’ ]
o
2660+ —t f % !
; | |
400 |
| |
2?00 . - 4 { ' i
| }
| o |
am — i ; l' i
1960 - : !
60
Fh OO
P06
2060
B0
.
'
500 /
| F
, 7
| 2
00 te7 |
! ¥ |
| ,I‘ i
| & f r
m r . ——— . e 0%
| ’ |
} s ' }
o : | i
10 I [ A 1 . ) ( b
| 0 290 400 sz’o 800 1409 /200 1400 1600
! * ‘ HARPY -f?’. LBS. | ;
L= s __7_ . -,f . 4 . STy E - B : : 2
] ! i i : 1
A QouRcE: FIEURES 24&4- 5 b !



/ FIGURE 6.
R
l‘)!%
Y
) ya
J\ z % D
” |
- ]
1 |
C I ;It"L T J

PLATE THICKNES!



